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Inti a.*— H 04 J 3/10 /H 03 f, 

OOMPLETB SPEdnCATIOH 

ImprOTemeiits in OT rdadng to 

of EkiaS7 ihun one Store to amtdier Store^ 

«5B. Due to the Itmg open times, however, 
tne eneigy traflsfer process snffera fiev^^ 

taken to combat ttifi, 

actit7e aetworicu aie allotted to Hi/ said 

The line sectioos which aw S 
te coimected TVJtii one (mother 

^ tenmaated in capacitors 
winch serve as eneiiy stows. lle^Me 
m eadi bnih tip it sudi capacitor, fe 
traiisfated at feast one aeiS^aS. a 
rapacitor tMimnatiog mofiier line sectioa. 
^us i«rDcedaic has long heeo known r»« 

^asoe^lfcy York and London' IS^ Pa^ 

f iiS: J1. ^'"'^ ^ explanation is 
a setiea cool iai^rted in the 
electncal orcmt enables complete 

^T"'^^^ transfar prooesEes nnder con- 
sideration can also be effected via ^ 

w^iflKre IS in Mch case an exchamtelrf 
energy beciroen the eipaeitDj: bdonriSi S 
agaven line section and the Srtoro^ate 



We, Siemens & Halske AKnEwc^sELL- 
a^CAPT, a German Coropany of Berlin and 
Mtmidi, Germany^ do liercbgr declare ae 
atvEatjon, for which we pmy tiiat a ttatcnt 
iMjr bs graatoi to xts. and the medSd by 
which It ia to be performed, to be pa^- 
ncplariy described in and by the foUaw^ 
stB±ement: — ^ 

Xhe invention relales to circuit arr«lfie- 
mentB for the traaafer of energy fiioinSie 
store to anotfier, ^ 

Such circuit iirrangemetits may in tar- 
ticular be eii«il<^d in cxchangje systos 
oi*etatmg on the time-diyiaion midlitjleac 
prmopk as used in telephone woric A 
tmie-diviaon nmltiplex exchange system is 
characterised by the fectth^e 
ma to be exchanged is modulated on 

mutaple ej^oitatlon of tmnk liibas and 
ccmtrol c<iuipment. £1 lhe eyent of dew 
manda for cocnecUons behig mede. the 
5ut«cribet3 concerned are conn^S to- 
S wl,? ^ °t least one mnItJ. 

Fti^r^^ T^e^t thifi^ switches belong, 
iftg to the subficnbcEs concenied in acon^ 

5^ synchronously under 

c^l of pnlsea of the stnggBr^ pals^ 

Bnring ihe pulse intarvala the wlttihes 
switches can be lo^S 

^riber staticais. Dae to the mode 
Of operation of the drcait coined*! 
opcnfimcj of the Gwitches aio in ea^c^Se 
^^.^tially longer than the to 
which they are dosed, Euergyl^ ^ 

Hanamitted^y UisS 
Batches when tbey are dosed so 

pro<^g_c tf^etteip- gansfer is a pnbe pto- 
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imposed on Que another^ In order that thfiiB first and second stares is transfefred to the 
shozild be BO interfca'cnce, the orcoit Jnm&fidistB stocks, whereafter said oae 
el ffments associated with, this process muflt intermediate store is coanected to tho 
have highly Ihi^ar properties, C^. their second ?tore throx^h the multiplex 
5 dectdcal properties siic£ as Gsmnt\nre, raH and said otiiar iotemxediace stoie 2s 70 
inductance axul so aut mnst be hloes^dent connected to the &3t store through the 
of the particolac coxront or ydltage obtain- £rst mnlt^ex rail to complete the energy 
incat any time, intendiange between the first and second 

The invention now demonstrates a way stores. 

10 in which to overcame tisfi need for the coa* The ptessnce of two muhlpl^ rails *IS 
dition tbat^ the intennei^nte stoi^ used mean^ diat ia the event of a ikult whidi 
are highly Ifnpqr in opemtioa. In this case, renders one multiplex rail inoperative due 
there £9 no need for an in^rmedlace stare say to shorting to earth or to oHier short- 
simultaneous^ to f^oeive enei^ frouL thfi drcahings emei^ency cpexTtion through 

IS capadLtnr connec&ed to it fay a coil and to one multiplex raU only la posablo £y SQ 
itsdf transfer energy to this capacitor- dight^y modi^fing the pattern of ppetatlon 
With the removal of thefia condftigns^ the of the switch means, 

req n i rem ents gojveming 1h£ apprqpriace There ^ollaws a descrrpdon by w^ "^f 
properties of tSte haterme^ate stoie axe less escample of a methixi of vcdam^mg die in- 

£0 smngent so that stores of a type other than veotion with reference, to the acajmpany- 66 
that Usually employed ISISY ba used« As ingdrawin^ in whicb; 
win be ^orivn lataiv it is tiien pos^ble for Hgure 1 is an esemplaiy embodiment of 
instance to emphy iatermiftffiatg stores a time-divisioii muMpIex telephone ex^ 
which have: ampli&ing properties. This champ system embodymg the inventioji in 

2o prevents Iha developmenc of undesired whirfi One stores are oons txmte d by S)0 
parasitic signal frequencies sudx as would capacitors; 

otherwise come into cviden^ when super- Figures 2, 3, 4 and 14 illustrate various 
imposing dlffe rept oscillatians an one types of intennet&ate stores; 
aaolher in circuit elements which are not I^gure 5 is an eacsmplafy embodiment of 
30 stricdj linear^ For these ^vmons reasons; a time-divi^QD mnlt^Iex telephone ez^ 
the Invention constltuts^ a sa^gnifi^nt addl^ rJi^inge system embodying tiie invcndon ia 
tion to the state of technology. ^ic2i snecial measures have been adopted 

It should be poinied oat that the Ixbe to preveiir the nndcs:red baclcflow of trans- 
sections to be TinVpd oar the drccit pjro* feixed eu^^ 

85 posed In accordance wih the in-roatioilj may Figures ^7 and 8 are examples of timing lOO 
belnng to device other tiian a teleplmna dia^ms relaling to the operatiozi of 
earihange ^y$tem« Por itiStancc, they can. various switches and to the eaet^ transfer 
farm part ox a transmia^on systnm such as processes hi each case involved; 
amultL'Channel pragrannne transmission Figures 9 and 10 illustiate ^am^es of 

40 system ior radio purposes (see German arrangements o£ capacitors and co&s for 105 
Patent IJDM,329), Ther^ signals bektn^lag use as parametric amplifiers; 
to two ssgparote stereo diannels have to be ^sures II gnrT X3 are timing diagrams 
cxjirecHy transmitted to 6z£ appropriate ilUistratiag how switches are operated and 
line sections, ^ ^ ^ how the aasodamd energy transfer pro- 

*o Th^ invention conss^ in a circuit cesses take place, whea only one multipls^ 110 
arraagememt for the transfer of enetsf from rail is in action; and 
a first store to a aeoond 0001^ inwnding F^ure 12 ilhistratss a circuit correspond- 
first and second store switching mcan& ii^ substantially to Pignr^ 5, but in which 
capable of ccwiecting the first a&ire to a only one multiplex rail Is operativep 

50 flxit mnlfiplex rail and the se c ond store to ui Figure I, eevend lin« stores may bo 115 
a second multiplex rail and including two connected to the multiplex rails Mm and 
intcrmediafia smres and intennediate store Mob; these stores tenninate line sections • 
swit^iing means capable of connecting stich as the two line sections Ta and T^ 
either one intz±nnedEatB stoic to die first iHustrated* The line stores Ca and Cb 

K multiplex rail and the a&sr intmnediate belong to tiiese latter two line sections. 150 
^toee to tlie aeoond. muIiibteK mil or ssdd The stoco Or is in this case oonnect- 
one intermediate dxire to the second m^ultio able vfa the switch titttu to the multmlex 
plsx rail and ^id other intermediate store lail Mew and via rhe switch to the 
to the first multiplex rail, the arrange- multiplex rail Mab. The line store Cb 

60 ment being such that in operation the first edmilarly, is counectable trftf the switch W 
Btaxs IB connectiBd to said one intermediate tmtb to the multipla rail Mtzn and tna the 
store through the first multiplex lail and switch. a&t& to the muldpleK rail Ms^, The 
the second state, is ootmccted to aaid other moltlpleic tail Mtib serves a? the cutgomg 
intermediate stone fiirongh the geeond xmdtiples lall through ^ch outgoiug 

W multiplex tan ami auyenargy stored in the traffic is conducted. TIds means that Due ISO 
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^t^w J??°* J'*^ * coimcttlon is to be 
developed « tie outgojag dJrectloa sfaoi^ 

to this multiplex rafl, fU^cnjItfaloc™ 

This means that hne scSbna to>vMcha 
connection fs to be developed ii^ein^ 
coming dirsctton, shoald be connected to 

anpropnats Dn£ section or line store to one 
or other of tbe mtdtipleac rails, b dis- 
tuirton IB drawn between ouigotnz and ia- 

IJfi switcbes used to establish such caa- 
ncctian may be operated with the aid of a 
team of control pulse?, in known 6isfcSm 

OA ^^-^ Frendi Patent No. 1,072,140. 

20 Since one of the two line atoms <iS^S 
If«f°'^°"!!? ninltiplia: rail and tbe 

other line store u conaected sbrndtaaieoTOb- 
to the oUiBr, the same control pulse eanbe 

25 S^l^ operating botfa §,e switches 

The Ibje stores serve on the one band to 
collect the eoetB7 aziivii^ tbrongh i£o 
appropriate line aectloa during Tie Mnses 
occiUTing in the course of the pnl^typs 
do transfCT procesEes. and on di« oflwr bSd 
to r^pldljr store the energy transferred to 
thfini during snch a tiansfcr process, later 

It on throng the ap^p^ 
sartlOT during a. snbseqnent paose ia the 



Air -w" uunug ^ finoseqnent paose 

teansfar process. CapadtoiS a<fe par- 
ticularly suitable for the line stores. Tb«K 
capacitors exchange tidr cSiaises in tiie 
COTHse of eneigy transfer. On Completion 
40 PW'ceas. both the caiwratDta 

40 mvolved and operating as line stS^ will 

fimothcr. AJao included betureen the line 
stores and the appropriate line sections, 

The CTit-<,ff frcguency of tiieae filters ia Ie» 
aan half tfie control pulse train fnqu^ 
fcr the switches aflolled to the ^T^^ 
60 S*. result that the pnlse ft^ 

In the eneigy tranaousalon path fitnn 
OTobne store to anotfusr, two intenaediate 
stores 51 and « axe mduded. 
comBctable to the mnltipler rails byS^nl 
Qf.tto switches Ufcl,2fci: 1*2 and a^By 
rai^ cperaHag «J» two switc^e^ 
oetned, these two inxennediatB atores^ 

plex laCs duting flie time lor which fta 

^iS. ^ orcmastance Oat two 
SS^^^^v**^ two mulilplex xaife^ 
possible a proocdare 
whsTB^ caei^ is transmittW ^Km 
8ff aQ»arate tnmsmision paths^Su^Sdy 



ama one ^ ^ore to one intermediate 
Store and ttom the other line store to the 
tfflier inteimediate store. Then. fflcewiB^ 
^energy received in the Se^S 

teme^te rtore to tiie other line stare and 
& ^ mtermediate store to fte 
ht« store first conaidered. The two l&Z 
Stores conoemed ^ then have cxSn^d 
Stwu!'^^ contents with one anotfcr ^s 
Afl thaa anerertranafo procSses^l^ 

another- In eati of drcnit3 formed^ 
OiiS p^pose only one eneigy tranfifeTiKS^ 
S^i,^ » ^ swtchfis KSl 80 

sraras are opan^ ^ proper sequeame. 

5^ l!'^ havepraviondy been emirtl^ 

l&«se energy transfer processes, once all 

^ra^trfex lallg Man and Mafr. 
5?^?^^^wate than two fines ia in- 
dicated by tjje mnlti-coanBction sign. In 90 
«;^i«fie too. intuanediatc storagTof t^^ 
aieisy to be transferred takts pSa. -ne 
^ra»ediaiB,stoE9ge of tiansfened en«i; 
c^beas^cmlsd witbamplificaaon. 
vdn be explamed more patticulariy later 96 
inaMng reference to eram^. 
Intennedlate stores of various topes can 

rarancian, for infitaace, fiie latennSlSa 

between tho poinffl X and Y crfiftS 
^c^t of Figm* 1. tia cofls LI and LZ^ 
pjgote 2 are xofieited. 

fltotM are ia the form of 
opa^toM, eottgyr transfer to the stole con- lOC 

^jartf oscfllatian in the osdII«ary 
fa^jWii? «steWiaI»ed when fhesffi 
S^tS^ ^ way m.«*lch the switdS 

Illnsttatfed fax tS no 
jan^ dI«*gEam6 of Kgrtto 6. Ia titoo 
^H?ttP2!5f *o tioje axis ia horiaS 
^tted towards ftS 

^waiof wh« the switches a6te^^ m 
aDotted to the hue sections Ta and Tfi 

J^*TJ?^.S^- aad the Sne 

Titaxsnmng traffic. If fte line 
w ^ V handKng Incomlr^ traffic IflO 

tten the switctes ffltfa and tftxf wcSm ia^ 
^ Whatever the «sL^| 

^„5«*'«*es eonowaed mast be^Sated 
^Bfeaeon^y During the erf m 

operation <rf the switches abta and aw* 
thejwfla LI and L2 are altema^ 

and snbseqttfin^ via the switcbes 2fcl tad 130 
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U2. The way in wMch these switches 
opeiate is deleted is Hie diEgranis »Tt^y 
Tba diBgraai Kl sliaws how die coH 
LI is ficst of all oozmected to ^ ouxgoiog 
mii:ti^IsxiaaMc& riff I3ie switch lJtl» Ln- 
medifftftly on compIedoiL of the opei'atioit 
of this smtcbt the switch 2kl closed con- 
necting the coQ LI to the mcosxdz^ multi- 
plex rail M/zft SimOa^^ in the dfagtam 
K2. It is shown how the coil 12, dnrii^ 
the time of opeiatioa of tiie swib^ies aim 
and mztb, is connected via the switch 2kZ 
to the incomhig mulliples ra2 Man aixd 
fmrofrffafiily thereafter to fhe outgjohig 
mizItlp:«2C rail Mcz&p ThizSp at ajiy givoi 
time only one of these two coik is con* 
Esct&d 'to One and th^ same mnlttpIeK 
raila» 

The times of opemtion of the switches 
IkU 2^1p and 2i&2 allotted to tiie coils 
serving as intermediate stores, axe m. this 
case no mote than half as longoa ^e frnnff 
of operation of the switches wotted to the 
line sections. Ihn^ the^^ could he evezt 
GhOTter than indicated in the diagcams Kl 
and K2» as long as the psrlodic -titni^g of 
oscOlatory c lrcmts eonstitiiting the par- 
ticniar tzanHmlssicm paths, these osdUatoiy 
circtdts being cousdtuted by capacitors 
Eerviog a£ una svorcs and by t& codla 
ser?tag as intermediate scores, are cor- 
t^ondingly higher. The time of cpetatioit 
of the swrtches lAl, 2fcl. 1*2 and 2ifcZ 
shonld in this ease be so arrange ^at 
eneigy tran&Cer in ^je farm of a predse 
(|nartcr ^cle oscsUstion oan take place* 
Trie times of operaticn of the switches 



to a mairi.initTn in the course of a quartar 
CTcJe osdllatiQn, as the diagram Hi shows. 
At this inatant; the enecgy hlthoio stoicd 
m the capacitor Ca has been transfetxed to 
tiie cofl Lrl where it is now available in 
Jtt^netic fiotm. At the same instant, the 
switch lArl opens and the switch 2kl 
closes. The cnnent t^m flows on without 
iDteiTnption, and the previous encx^ trans- 
fcr process from the capacitor Ca to the 
coa O IS followed directly by enet^ 
transfer fjxmx this coil to the capacitor c3> 
the loner in this case being the other Ime 
store concerned; for this second energy 
tmnrfer proc^ capacitor Cb ia connfiaed 
via the switch arttb, vuz the inoomh^ multL- 
plex rail Mot and via the switch llsl, with 
the cofl LI* The current through the ooa 
LI faHs and the voltage across the capacitor 
Cb rises. ^ as die tfiaaranis £L1 and fC6 
show. I'rior to tiiis, the capacitor Cfr has 
bean discharged into the coil L2 as des- 
cribed below; by operaiing a switch 2k2^ 
tiie coil L2 is connected to tha capacitor 
Co mff the switch ant^^ and to» -Qie hx- 
coming mnlfiplej!; rail Mwi, thus brhiCTig 
about the aibresaid dbchacge. Thiscans^ 
a similar rise fn the cnrrant -dnough the 
coll dnring a quarter cycle osct^ttonp 
reachmg a nta^djcnm as indicated in ^ 
dlagiam zL2, Immediately on oompletion 
of tiis time of operation of the swit^ 2k2, 
the switdi lft2 is operated, oonnecting the 
con L7 ZTza the oufgoi^s mtdtlples tail Mofi 
and tw the previausly dosed switch cWs, 100 
to tbe cflr^toT Co. The cunent in the 
coil L2 mis off in the process, whitet tixe 



70 



75 



BO 



fi5 



95 



40 



4S 



SO 



66 



60 



65 



aOotted to the bnesection^ as innstrsted capacitor Ca is chareed up. This Ik hi- 
^ J??^^- ^ flPfenie ^, can Ipwerer dicated by diagram and vCa7 On 



vary without in any way iBsturhing iho 
process,, and Ols vaiiatioai is indicate by 
dme intervals At Thna, thezie ato no very 
stringjont feipiicements on the accuracy of 
these cpenmng tim^« On the other hand, 
the operatin|r ttmes ctf the swhches Iftl, 
2fel, Ifa and 2£2 shodd be held to le- 
latlvefy fine limitH- Since -diesa switches 
are csnxralty located and there are ozi^y four 
switdies irrespective of the nmnber of 
hneSf this is not diiSctdt to achieve for a 
modest ouday. For the same leasoo, par- 
ticalarly short operathig times aits possibJep 
Making, reference to the dia^iams ziCa, 
^Cb, iLl, and tL2| also portxa^ed In f Igare 
6, the b^sviom: of the voltages acn^ the 
capai^tors Ca and Qb serving as line str>i^ 
as well as the hahavionr of die cmrrents in 
the coils LI and L2 serving as intermediate 
stores, can be studied. First of a!l ^ coH 
LI win be considered^ In the first place it 
is oonneciBd o4r ^ switch tOa the 
outgomg multiplex: vail Med and the 
switch dbt(h to the capachor Co. This 
capaxdcor disschargcs fs^ diamm «CSd, eo 
that the coxtent through ^ coH LI nstg 



compledon of all these £wrti:hing opem- 105 
tion^ the two cacacitor Cc and Cb havt 
exchanged -Oieir chat^es with one another 
and consequently the voltages across fiiem 
are escchanged (assnmin g equal capacrtan- 
ces). The coils LI and Ul at this pomt 110 
carry no carrent The initial ^^Mmfms 
ani now reversed and the capadtnr Ca 
focm al^ haying the lower voltage now 
carries the hi^er voltage and the capacitor 
Cb formally canyiAg the hifehcr vtaltHge 115 
now eaxzies the lower one. 

Further i^»edal measures may be adopted 
m order to ensure that in no czrcomstances 
can any IntnrraptiQn mke place in t!ie flow 
of current through either of the coils LI 120 
and X-3 during the successive energy trans- 
processes coneenied* To -Sils end* a 
coil sanjng as intermediate store can have 
an anziUGxy capadtor connected in paraH^l 
wltti it, this momcntErOy carrying a current 155 
Ansiiaiy caradtars of this type are in- 
Seated in Figure 2 connected tro by 
broken^znes and de^gnated 61 end a. It 
may be advisable to periodical^ shoitJ 
citcnit these auailiazy ccqiacitQrs at suit- 190 
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5 Which paranietric ampUflcalion ^Sn^ S iSS'*" "'^ ^^'^ *»es not at flic 

effectedV^ be dlscua^^lfl^^ ^ ^ tSf^t ^'"if? J°tenn«!late store, 

nim^rf ftirthiir memoes wWch, wiere ^ P^ao^ ampMw. foatrnf^ 

10 SK^^- ^ need as line stm^ iS »iere t&e en^mnSaMfeTL 

;Sf™J?*»n?raediatB stores «aplayBd^ *e sftpaiata^firtniS^J^" 

Aft pDlse-type energy tao^fe^ *S™*=L5" «^ «»e tak^^^ 

16 S^ V^^fr^?'®^"^ which are ^ P=S««o«>eachoccasioSXSrtha^^ 

^ switches are opestted and. ^^^^ ^ de^sartrallsed <^^^ m 

wanaitt to iJie store oancanedia the foS P^*^ from a linestme to 

»^ b« connected dliecJ^'^S ^ fe^^SSL rfS^ " 

ttc latertnedligs stows, is SS^Sed^ Ix noted that the qpS^TtiniL 

!^ 5?^^^ ? where thfi^nJ S n«d to^e^dMt^ ^JSp 

/Si as interuMdiate stores. ^^^^^ ooncernod resulfimo fiSm aT^S? on 

^ «^^SScS*^ar£^i*S^ internet, ^es 

meat may be uaed. In this erase. dto^ ^aators CI and ^ 

35 arranged between the Uae^raaD^l^ SSv S^** between tie pohits X 
the line serticas, and Ae tt^SwSfSlb SSLJLSi,*^ FigurB ^1 , ^ese 

Thus, in dM cf EgSrrS ^^^^h^J^^^^ ^ 3! fa lt» 

1^ and L& are inserted fetweei ^ fiJe ITtod^ S^*?^*^ «=»S 
adores and C6 and rTif ^Z^^^ « • ^ whose mduetmce nlBva a nar* 

then any encisyttaS:^Slis?l,SS S^fste «P«itD«,^g 
place tTui at least one sn^oSlolSw^™. «l « ^™ P^a^ in flie form 106 

losalera limiting ofSTa^Jrf^^,?! SK^^^**^**^ siorcs cm^faobe 

each case be disttibated aawiSuLSiiS SSf^ amplJificaaoB, the cana- 

aoa, whereby «drcait and other loBsea^ ^ a* iotetmedi^ s^S^^j,^™ 

S^Si'^SS^t feur'^ae^*"^ canbecompenaated&r. ''^^ 
praxis, VolimT37, i^S^^ **. ^ ««»iv«rieat to short- 

201 to 228. in particidw^227' B^hT^ ff^***® ^adtacs Borviag « fata^eS^ 

^504to9irandM^^ig£JS'c S^^WSS^^,^ 
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5 and am designated by kl and kz, Wth 
tiie aid of tbcsa switch^ T^dnal 
energy which, due to some &utt; has re- 
mained from the previous energy transfer 
process. Is pr e veafe d from Interfering y/fiSti 
or distorthig a socce^dhlg CBSTgy transfisr 
process. For fflmfJirr reason^ It is Ti^om- 
m ended that with this circolt *^ *tfr[i p1^ and 



ling stone, die appropriate read winding is 
5tz|^i&ed witli a xeaa|)nlse &<m the prdsQ 
gerotator which pulse daring the 

period of its exigteqceptoduogs a magnetic 
wd which nnDIfies t& scpemmdoetiviiy 70 
of the inner co2 (see K. Stehibnch: 
Taschenbuch dor Nachxichienirerarbeitong, 
1562. Page 6^5 in partlcnlar Figuic 4,107a 



10 



the o&ets which wfll be discussed later cm* Hiis resulte in the disanpearanoe of thi 



pcriactic earthisA of the mnZtipIex rail5 be 
eS&ctsd ac suhable inmnts. 

The intenncdiatia stores may 

taka the fomx of f^xrtnnagnetlc cores. « 
thin case, they should be made of a materia] 
15 exhibiting; remflnence properties and hav- 
ing an approximate^ linear magnetic wotjc- 
ing characteristic wiihln the range which 



current Movnnz through tlie coH and 

the collapse oi its magnetic Seld produces 
Ln the e^ociaisd cotzplin^ coO an outpot 
praise which is fed to the appropriate imfi 
stores Diagram k of Kgur& 13^ves an 
example of ibe timing of such read pulses, 
ihey ar* indicated 1^ pa and jJtfi, Utts 
Figure wiH be discussed in greater detail 
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IS to be cmplqysd for the in-storage of later. The magnetic field produced by the 

Store, the etore passes fixna a feed pre- 
deter mined inidal magnetic stale to a new 
one; and is maintained thtu until oixt^ 
Storage tal^ place. This saamd stale of 
magnetisation m each case corresponds to 
lha enez:gy befng transferred. When out* 
stmage takes placci energy tt^nafer is 
effected from the core stnre to a 1??^^* store. 

This mcTCT nanrfer is brou^ about witii &ie complece dischaislna of caDarito]«~ffirv^ 

^ I??se wSdS, rc-sets the ing as l&ie f^^T^n V^^^^ 05 



coil cmtse the winding of tiie read coil are 
perpendicular to it. Tmis, we are concerned 
here wifli a novel applicatioa of snpercon- 
dncdvtrtr ta coils wluch in thems^es arc 
of funcoonal significance. 

It Xerromagnctic cures or superoonduc^ 
tive coils are employad as intEnnediaiEs 
azDres, then any inductive properd^ they 
possess taay be ^scploited to contribute to 
Sie i • -. - - 
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90 
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40 



4U 



core store coocecaed to its imtlal znagnedc 
state. Where cor^ stores of lids type are 
used, between Che points X and Y in the 
circuit of Pi^are 1, the core stores Kl and 
K2 illustrated in Hgttre 4 ahoidd be In- 
serted. The read jnilses are is this case 
&d to the windings connected to the pairs 
of terminals pi and p2. £kre again, it may- 
be convenient to supply special xe^t 
pulsss to the core strtres (Intetmedlste 
stores) befbse inTStDiage of energy takes 



time. Jxi this way, coils having lower than 
usual Inductance can be inserted in the 
transmis^on paths or such colis can be 
omitted ahosether. 

It Is ncinted oat also that where tbo 100 
intei^eoiate stores are in the form of 
cajacitors or cores or other components, 
th e ti mes o( op^ratkm of the switches 
allotted to them should be no more than 
half OS loi^ as the times of opeiadon of lOS 
tile swit^ies allotted to tiie line sccdonai 



^ ^ ^ following, the mode^'o^^on 

^^i^^iF^f^'^'^'^P^^i oftfaccircait^SISfatedlnFigS^^^ 

^ ^S^t^S ^^^ififSL" described, if ^ cajadtors d and C2 of 

StetiT^^^^ ^ ^ employ^ as intermediate 110 



stores, these capaciters being In aeries 



•nie int^edlate stozus can also take with the coils it and 21- ^he" 

m heretafcTplaceintheformofahalf i-yrffi 

CO QOTent is mduced ^ coupling col^^ osdllationlTtbeoBcillatoiyciradteto^s^^ 

ptenomenonu this into beto at acy instant by orperation of 



as 



65 



to tlie ffupe 

curreot is then maxstohied until ont^tor- 
age tnics :^oe. Hgurc 14 iHiistratoB an 
example of the use of tnteimjediate atoiea 
of this 9pe. They should be connected 
via the temiizials A and B to tiie point X 
and Y in the circait of FiCTre 1, in place 
of the inti^zaediaCQ suites SI and S2. The 
supeijonductiwe coHs are designated Sd2 
and Sfei They may have one or mor« 
wmdiTTps. The Coupling coils are deslg* 
nalBd Sy Sal and S$L The supatttondno- 
tive cofla SdZ and Sb2 are each surrounded 
by a read wmding. For purposes of energy 
transfer fro m a. superconductive coil to a. 



the switches, lliese energy transfer nro- 
c^ses and the sequence of operation of the 
switches concerned are portrayed individ- 
ually in the txmmg djas^ams of Fimre 7. ISO 
In the di^ratns markedT, Kl and KZp the 
operatian of liie appropiiate swit^es is 
iTTo stra ted , These three diagmms are 
largely the same as the corresponding ones 
fllustzated 2n Fignre 6. Accordiog^, the 1^ 
opetatiag conditicms lor the switches are 
also laise^ tite same in both Thft 
sole di&rence lies in th^ fact tliat in the 
case now mider oonMdeindmi the awitdtsc 
Ikl and Wl, or 2ftZ and iJfcl, are no longer xso 
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^^p^^^^^^'S; ^^^^^^^^^^^^ 

operafive timra since aST^H^'^i,^ ^ ^ then tbs axacgf^^ 

* capacitor OntamediaiBaS^a^^ ^'^T^^ ?^ of 

mflie diagrams Kl and S3. JSfSrfi^^* « part of the 

DTinng th» titaw of^^oa of lie S^S^i.^*^ ^"'^ *^ slew 

a haM .ycJe oscUfiticm taSo uSotrS further cn^r 

tte topaxatore Q, and CZ> aew^ aT^l Previotudy would 

C2 eeiviDg as imennedirateta^ fa ^ Sf^^^L^ ¥ oi««*etL This nuEhr 

t^atee lie behaviour of ftT^tS^SS^ ^rT«^"^*^^ operation 
20 the cobacitor Co. It wrnHk- -Zr*S.^^^ switches coacened may ha n^aiaS^rJr 

derated, ^o^Itan^dv afSc?^- „^ ^ canddered hi the cmite*?^rft 

«1 shows, the caJ^^a^ca^S^iS^ W<^*.?apa«to?« are ascd as line 

tt« amoltaneoHs openiii«i of switch SSw^^tf^ "2 exdtisivEly in the 

the voltage across the capacrtor^S dfel ta^,«l<^^^ « I«ssef ampli, 

as the diagram jC2 shows. thT^c^i b2?i^=i^*^ "^y. ^ Inserted hi ihe 
80 C2 js chained up by a curmitrf tofi,^ traftsmissiMi paths, whose polarity is ^ 

O|^wation of the wrfHitsfl 2fcXWij^ SS-.^'S"^^ Steaded enfiwy 
Tla opCTatlon of the switch 2fcl *° ^ fiJrward directjon. By ^S. 

the di^aiBe of the capaSteTci^^ ^r^lS^^^ ^ <^ the ti^ 

eram tCl) and in the USlEm of tif^ S ^^"S.?' ^ sviixciisa can be^l^^ 
Mpacftor C& fdiagiam ^i^Gn^L^ relatively iiride limitewM^ lOO 

for the capacitDiB C2 and Ot^ STa-, ^ desired eaeigy t^is^ 

granifi «:3 and uoT Tfce^i^Jr I™'*? teen csaaitpleted, ^a 

matt of the energy tianafer ^^^f« any such tendency, ft 105 

difierent "Hie rapaS^S^^^S^ ^aatois are employed as mietnildlate 

*e higher one. Qu com^^^g ^ «cond half^j^ 

45 transfer processes just dcsSl^ri,^^ S^^^^ foflowlng the first ot^sS 

acitoj- Q, has .the higto^S S^^SI,^^'* *^ capacitor conS^ 110 

and the capadtor Cft^Se low^ o^^t,» Jf«^!^ ^' ^ «*JP«iaed. Conaeq^^ 

^AS^S^SsS^W^ ^^^^^^^^^^ 
case OTmerrfiaf difef^t fromSA?HKta£^ Sr?F ^^^^ <^ intenriediate sropeg are usS ifio 
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missfon paths in each case d^ireUspedf as 
proposea In the fbrcgam^ can eSected 
m various ways. For instance^ the provl- 
fiion can be made that eadi imotiuediata 
store is connectahlc to sordtrplex YaO 
appxx^pdaic switehe& these switches 
eB£h Iscuig ^ sarles a c&:Q&ezeixt^ 

poTaxised xocdfior so ^f^f ihe rectifier 
polarised rectifier so that the recdfiex 
appropriate to the desired direction of 
energy tzaiisFer can he ^^^c^rt^ *^ d in the 
tranamtetrto path, TliJa meaEara is jcdppted 
in tha circuit of Figure 5, As can ba scan, 
there is a rectifier in series with each of the 
switches Ikt, 2kl, lk2 and 2&2. These 
zectifers arc d&slgiiated by* IGl, 2GI, IG2 
and 2G2. If, for plactz^ tha i*itg>ny '^fntg 
stoics in c ircui t the fiwftchfia tised are cf a 
tTpe which basically only permit enets? 
transfer in the d&sired direction and thexe^ 
fore already embody the rectifier fnnctiani 
than separate recdfiens are of conise im- 
neoessary* 

Tluis it has been a&snmed that pulses 
of exclusively one polarity are Involved in 
the <uierg;7 transfer processes. I£ this is 
basically not the cfl.y, then the same xe^nk 
can seTeitbeicss be achieved by ndttg 
special measwcG^ even where alternating 
voltages and cimcnis <rf difosnt fcequeocy 
are to be txanjsndtt&d ttuuagh the particuXar 
connection established. Consider a cbccdr 
in. which low^paas filters are connected hcr 
fore tEse line storas. These low-pass filfaais 
are connected to the appropriate line see^ 
tions »Sz ttansSormers* The prlinaiy wind^ 
ings of diese transfarmers are sapphed with 
the 12^. Yoltages it is dasired to transmit 
To the secondary whidings of these trans-" 
formerSr a bias voltage oa applied having an 
amplitude at least eqcdTaleat to the highest 
a,c, amplicizde to be transmitted and having 
the same polarity as the chaises nhlch 
appear in the ^padtors serving as finiv 
stores. 

This measure too is .adopted in tba cir- 
cnJt of Fi«nre 5. There, low-nass filtsers are 
cf^mected before mctS of 0ie capacitors 
Gr and Cb sor^e as line stzuie% tiie^ 
campfishig the chores and D& and the 
capacitors oC and hC* The transfionncr 
Wa la associated with, the section Tc 
to wiilch the line stxirc Ca belong To its 
secondary ^^ndins H a positive bias voltage 
+U is applied. Ine ttc voltages and cur* 
rents to be transmitted nre supplied to ihb 
pirmaiy winding I of tills uansfonner. 
Stmllar^, the transformer Wb is associated 
with the line section TB iet which the lits^ 
store Cb belongSy &e positive bias v^^tage 
+U likewise bong applied to its secondary 
windiAg IL Hie voltages and cmnnfa 
to he transmitted arc CTijjpIicd to ita pd- 
uaiy winding L 

Making red^mce the dragrams iQus* 



trated in FSgm 8, the mode of operation of 
fte circuit flhjstrated In Ffeote 5 will now 
be explained In greater ^faH. Th» intep- 
inffid?Bt& stores Isece iak» the form of capa* 
cltors; The energy transfar Ttroeesses In 70 
this case tal:e place in the of half 

c^pde 08<nZlBtiQns since tile transmimon 
pathfi^ as already described al^ contain 
series coils. The operation of the £Wxtch^ 
allotted to the line stores and to the inter* 75 
mediate stores, is iOnstcated in tiie dia- 
grams T, Kl and KZ, These d lagm n p 
cotTCspond to tEie similarly designated ones 
in H^die 7, Hius, the switdies ate oper- 
ated in precisefy the same maimer as in the SO 
previoos circuit discussed 

Ite to the effect of the bias voltage +U 
appBed to the secondary windings Hof the 
transformers Wa and wb, eznhisively poa-* 
tfve voltages can be developed across the S5 
capacitors Ca and operaidng as line 
stores^ te, their charges can only bo of 
positive poLan^. Conseqiieolfy, diiring &e 
ndtial fiimaltaneous operation of the 
switches Itrl and 2k2 when changing up the M 
capadtors Cl and C2 serving as intennedi- 
axe stores, the charging corrent always flows 
^irou^ the rectifiers IGI and 2GZ in the 
larward direction, Cnring the snbsegnent 
simidtaneous operation of the switches 21^1 95 
and Iklt the capacrmrs Cl and C2 are dis- 
Cfaaiged. In this case, the discharge cur- 
rents pass through the rectifiers 2G1 and 
1G2 in the forward direction ixio. 

As already indicated. Where rectifiers are 100 
presenc in tte tnmsmissioa paths in the 
manner described, it can be arranged that 
energy transfer from and to the stot^ which 
^ocess commences with the switchias? 
through of the transmis^oa path con- 105 
oeroed, is already completed before the 
transmission path is brokm by fbc opening 
of one of file switches via which it is made. 
Where capacitors are used aa line stores 
and intermecfiate storesp and whero indnc^ HO 
tive ctnls are incltided in the transmiadon 
IwfiL to achieve the above effect the par- 
ticular transmission path must £c»rm an 
osdllatoiy circuit so tuned that the period 
of a half wave at ha resonant frequency is 1X5 
shorter dian the shortest interval for which 
the transmissibn path itself is switched 
tteia^ It must bo pohited ant that a 
wide toIerBnce can be permitted on the 
tuning or liie osdllalDiy circmts concerned. 120 
Conveniently, the period for which a tmns- 
mteion path is switched tliroi^ win be 
detertniiaed by the time of pperatian of tihe 
smtch, allotted m an intermediary store. 
via Tidiich die transmission p^ leads. 

An ^smafie. of the behaviour of the volt- 
ag^ occuiHng across, the croarftors G* 
and Cb m this <nBtn>noe and of ^ currents 
associated wilt the capacitors Cl and C2, 
is give«» in Oe diagrams «Co; ucb, iCl and X80 
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ia of jflie Figure 8, already mentioned. 
Xfe^ diflgeanjs con^spond to the fiiaii- 
iBify designated lEagrams of Figjire 7 A 
comparison shows as distiact fcau 
0 tiiese latter diagmais, here the yolUsss and 
current chaiiges have in each case been 
cmnplercd within half the time of pperatlan 
of tJie appropriate switch faHotced ft> an 
intermediate store) Ikl, IkZ, 2*1, 2)fc2. 
These voltage and current changes in 

fflgnift- disdiaige of one of ctoB*. 
otora mvolved ni die transfSer prwessHnd 
the charging tzp of Hie other. 

Loss of charge back to the delivering 
1^ capacitor i& prevented by the presence^ 
rectifiers m the tnmsxmsdon tSttis. Con- 
seqiiexitly; wide tolerances are pennlaaaOe 
on ^e ogetating times of the centrallv 

2!U tte csciJlatory circuits due to capaciiSice 
changes assodated with paramrtiic amnli- 
fica^ott, such amplificatiou being cfeiSd 
tor luBtance with tiie aid of a csmacitar 

toics for the switches concemei 
iatmnediate stores, like the catiacitora 
servi^ig as parametric amplifiera, "^dvan- 
tagcously^ TO^ve volt^ of ^:ihisi^ 

^ 2pP2?^tr- Tile awIt^Shes Jbl and iS^aSo 
mtistetted in the cdicmt of Figure 5, sexve 
to short-rfrcuit tiie c^dtOr^Cl md C2 
servmg as intermediate atorci C^TOci- 
en^. th^ AM, both ciperated eimiiltane- 

35 2?^3^pnort» the commencement of ecetsy 

for which flier are operated can be shortET 
tlian the time of operation of tbe^^ 
centraHy located switches. 

40 Kgnre 9 iDustfatas bow a capacitor con^ 
aistmg of several sob-capadfi^and pper- 
ating as a parametric amplifier, can 

m^^^^ ^''^J^^^ capacitor 
innstrated there conaiste of four sii£-rnnA« 

«te fonn of a bridge ciiwdt OneMir of 
^ofiite jimctiQUS between the suthSaDaci> 
tors serves to provide^flie cannecticaii &r 
fin AcTOS tiie two other 

TOliHge IS Relied la order tx> prod^ea 

capacltD«. Varectore ate one exanmle rf 
ras L5S^iT^ capacitor which can be waSge- 
ee oontton^ iQ this fasWcm, they aie^&ci 
aemcoadii^ diodes which ilic qSa^ 
mtitebIo«ilt,g region. TTie contrcflVoiltage 
^hed across the tEnniiuIa B is dirf^ 
60 Sr^*J^'' *2?r'^i*°6"»ns<«^ the bridge 
rl«.t^^^y dimeainOBlM ihe bdK 
capaatDrs^ m a manner snch -Sat no volt- 
age d^ce fa produced KSS. 
rther twfl apposite eonnectioBB. Conse- 
qvea&y, the erternal drcidt in whl^iSS 



variable canadtor is comxectgd remaioB nn- 85 
waneaeed brtie pump freqncmy. 

Rgnre 10 llhistratEs how a con actine as 
a paametne aaiplifier can convEniealJr be 
ooa^nirfad. la the case eoasldexei: ^ 

^^^.n»Z *e applied to the winding wf 

Mits pump fteqtuauy T^cSpaaa throngh 

d«cfapM. Tto voltagM induced 

!^«'"e3,Wl andrW2 by ti« pump 
vntage. Mneel eafli other out IttS^ 80 
gm^ft^acy do« not appear across 

and VV2 situated between these twTcaa- 
nec&ons m may be inflerted in the 

ing tlie^ie«ance of the pmnp frcqtS^ 
in die ttansmfasion path. "^ucncy 

accoidanoe with ffa© jn- 

^ctod on the Haea descrited. then the 

ft is pomted oat ibat becanse of the ck- flS 

aqpendecrt in eadi case upon the attemn; 

^ par&ukr secUons tote 
haked.. H lec^era are insened in^the 100 
S^if^paths, thca the changis 
reswwnt fieqaeacy occuiring with diaage 
jn gahi hi any given osdU^y cirduTcIn 

gam IS trf particular interest wher?Se Iloe 105 
sedans lead to subscriber stati^ Sam^ 
ma ^scriber^es the ^SS«ton^ 
qoeaiBy Tanea from one Itoe to the naa. 

SSS *^ ^ sectioas co^S^ 

iS^biS^s^^'oS'"""^ lllastxa^r^ U5 

comzections extendi trc ^ifrr 
same two multmlflx lailB havT&eTcon! 

*S?J^* connected wiih^TsS 

^ be connect^ to e«% p^ otSa^ vtS 
raOa. («5gt see British Patent No gT^TM 
Heuie 3 of the PtovIfiio,^s5dfiSSI) 

provided, it may be coaTeoient to^^ 
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energy trazz^fer between sdbacdb^ cou* 
Bccted to tffffetettt pairs of tnnlt^kx laQ?, 
in a manner in accordance wrdi nresezxt 
inwntioiL Coni^eniciitijr, two of tte central 
toes beic 



JO 



15 



20 



25 



BO 



Z5 



4D 



45 



50 



fiff 



00 



6ff 



5 intmnediatB stares befonsijig tn the two 
jfflirs of ttrtiltMes: rails Wm be enmlcasyed. 
The pardcnlarly wide tolerances of switch 
qpccfitmg times and m tit9 tuning of the 
osaHatoiy accuits developed, Fannissible 
widi o&rtmn of the citco^ dea^gns in ae- 
cordaace with the invsntion, are a par- 
ticu2nr advanl^e In tiie application since 
it is inore^ difficult than in dmpde case 
to maintain high, tolerances where several 
pairs of multipl£9r rails ere tfmcemed. 

Jn the foregoing description of circuits in 
accordance ^s^ifh the Invetniont the cnn- 
straction of the switches used end of the 
control units wiiich control the switches, 
was not discussed in dctaiL This Is because 
such, switches and control units are abeady 
known ($se Frencih Patent No. IfiTZW 
and Paifent No. 2^36^337). 

As already indicated, a cnrcidt In accord- 
ance with the invention lias the advantage 
that emergency operadon fliraugh a single 
multipilex raH is possible* Fortlier infor- 
matiDn wall now be given as to how such 
emergency opeta^n Is e&cted. 

For Hnking line seetions coiinectablc to 
the ^ame two mdltfplez zail% in tftig rjip* 
only those energy transfer processes are 
carried ou^ the transmissiDn paths for 
which extend throis^ a dngjt^ one of these 
rails. Consequendy; ati^ those of the 
switches via which tbe Une sections arc 
connectable to the smgla mnltiplex rail now 
in use, need be etqpplied wilb contrdi 
pulses. Tbls yields de farther advantMc 
that certain &nl1s which may arise in 
units producing the rodimdant control 
poises are rendered ine&ctive. The con- 
trol xnxises far tiie smtches allotted to the 
line aectiond are ^cequendy product using 
a rotary memoty simplying tlie addresses 
of line sections hrvntniri^ outgoing traffic 
and rising a ^milar rotary memoiy sc^pply- 
ing the addressoa of line sections hand^^ 
fnpomiTig traffic Csee for escan^le latent 
Specification No. 98U35X Two sudi zotaiy 
memories are indicated in die circuit of 
Figure I. Xhey arc dssigoaCcd Uab and 
Uan respective^. If only oae mult^lex 
rail is ia onemtion, thett the control pmsu 
for controlling the switches allotted to tiie 
line secdons need cotn^ ox^y irom ^flwt? 
rotary njemory in wMch^ oSierwise, az« 
clusejy t3ie addxeses of line sections hand*- 
ling tzamc in that ditecdon (ooigoing/hi*' 
CO mina) which corresponds to fh& particu- 
lar mumplex rail now in sole nee foutgohig 
mizltiplcz ran/incoming multiplex raUX 
circulate. Thxa^ if for exanxple only the 
outgoing mnhiples rail Mab is in oseL only 
the rotary memozy Uab la regu^cdl this 



normally only containing the addresses of 
line sections ^**^ffli'"g ontgoii^ traffic 
HoTOver, in this special instance it most 
ar moun odflte the addresses of aH the ^^ti?^ 
sections which hn^en to be involved in TO 
the connections existing at a given rnRtanr. 
If at tiiis time the otiaer rotary memory 
snffiers some iatdCv the connections retnain 
uninfluenoed. Converse^j this ^r^vs tf»gr 
in flie event pf a fault in one of the two 7C 
romiy tnemories normally used, emergency 
oparatton is always possible through the 
operative rotary memoxy and the corxe- 
mmding multipler rail. Par insrf^tir^ jf 
the tamry memory Uatt Js faulty, all eoergv 80 
transfer proc^ses will take rfaoe via the 
ontgoi^ multiplex rail Ma&* xhe switches 
allotted to the line sections involved must 
then receive their control putes from tbe 
unaffected rotary memory Ucfr* It shonld 85 
be added toot, thai deuces or faults in 
other devices can similarly be nullified by 
employing only ^ one mutHwlAy xa!L In 
onler to estanliah coonecaons between 
Hne sections our s. single rouMplest rail 90 
only, the necessary energy tzans&r pro- 
cesses can be out into eiSect in the fblklw- 
ing mann er, Tne transfer processes involve 
both the intermediate stores which are con- 
nectable to this multiplex raiL For energy ^ 
transfer, in each case first of aH only tiie 
first of the two line stores involved is con- 
noted to tiie mnltiolegraiJ, this then giving 
Wffy ta the connection of ti»e second store 
cmTy and, fi&aljy to the connccdon of 100 
dusively the first store again. Thxtfl?, in the 
circuit of Figure 1 first of all only the line 
store Ca is connected to the nniltiplej: rail 
Med>, then only the line store Cb and after 
tbat only the Une store Ca. Durtiig the 105 
time of connection of the nrst line store, 
onei^ transfer takes place from it to the 
first intermedifliB store SI which Is also 
temporarily coimected to the multiplear rail 
at this time. During the connectiaiL of the HO 
second line store C6» energy transfer talces 
place fnrni it to the second xntennedisie 
store S2 when it is likewise tanxporarily 
connected^ where npon, in stag^exed Sc- 
qTloi oe, th e intennediate store SI is a^in 11^ 
temporarilly connected end energy transfer 
takes place &om it to the line store C& 
Wben the first Hno store Ca is again coa<*> 
nected to the multqjlex^ rail, energy trans- 
fSer to it from the second intennedGie store 220 
S2. likewise temporarily connected to the 
rail, takes pkoe. At this point, ^ two 
Hne stores Co, and Cb have escihaz^ed 
their cnerw contents. The two intermsdi- 
ate stores SI and S involved are now ceac^ ISff 
£dr energy exchange between other line 
stores. In tiiis way, the necessary energy 
transfer proceses associated wi& several 
connections can be carried out throng one 
multiplex rail and "fiie intermediate stores 130 



14/05 03 15:11 FAX +49 89 92805 444 Kanzlel Bardehle 



121074 



1,052,828 



imta, dependijig Vfon tba Bcannlng ft^, 
quency goveml^ tifi CQimections, enemr 
trasi^ processes have to npeated to 
™ fii^t conaectfan can^dccei This is 
» foUcwTOd by anofiier energy transfer pro- 
ce^ for the second connection amj so oil 
Iiicanneduite stores of dificreiit types can 
te Bsed for tiie3e energy traa^r processes 
tcxj» in tie manner ahcady described. The 
10 otier ciDbocihnents» described earlier, can 
also be uaed whetfe energy transfer tbroitth 
a ftingle multiplex lail ia involved. 

The sequence of the caqrgy transfer pro- 
ceaacs m each case associated with a Sn- 
nec^on and conducted tiirough a dnele 
ranltipley tall, b indicated fiT det^T^ 
Figure 11, whetti aii iHustration 3s also Eiv^ 
of W the Ktores aUotted to the Ene ce^Sons 
9n ^S^^^^^rconnecttd and to their assod- 
^ ated line stores are operatEd; an iHimratlon 
IS also given of liow the «witc3iea allotted 
to tile juaffirniediate stores ahonld Be oper- 
«twL The operation of die switches &m 
?^?J^ to the line sections Tc 
^ andT^lsindicattedintiieiHagraiiiiimtkfid 
T. Tlje Ewitcli abtb Ib operated twice and 
the awfti^dfefa once only. First to be oper- 
ated IS the SYfitch abtb. In prini^e. ^ 
qrt 2^^? flZ)/!a could be operated first; but 
S™^^ ^® operated twice iJurfng 

tte tiiTO of openttion of the swiicb. czfil^ 
the ewitcih IfcZ belon^ttg to ths intermedi- 
ate store S2 is also tEniporarfly operated 
IK the period of pperaaou of tiie switch 

abib, as the diagram K2 shows, I>t2ring 
^ period of operation of ttc swich 
the switches Ikl and lfc2 belonrfng to the 
intermediate stores Si aed^a^ alto^ 
dn ?l^SK^^,^™si3 shown in the <Da^ 
^Mis la and K2, Tlieti, tire switch (S* 
operated a s«»nd time and during the 
coiMe of fb's tiie switch lArl is also oper- 
ated. The tunes of aperatian of tho switSes 
4K ^ allotted to tiie intfermsdiate 

^9 Stores are here again no more tiian lalf die 
S?® ?f opej st^ott of the switdiea afete and 
fl^allotted to the Hue sections. If capa- 
citors are employed as intermediate stares 
^d an inductive coU is hiduded In tbo 
w particular ttansmigskm patiw the enersv 
tonsf er in ca^ takes place in tS 
lOrtn of a half-cycSe oscSlation* 

The shorNcinariting of capacJtots serving 
as mtennediate store* sometliiBg^di has 
already b^ jacntioiied, wHl in this case 
convenientiy bo ejected during the uctiod 

the first capacilor G6 
nected- . Ctace agahi, switches kl and kl 
arp provided for aia pmpofle, Ibdr cpcr- 
«t> atinff fames are indicated in the diasrt^ 

fit in wnn yath the otter operatic timS 
iffhey arc no more tban batffteqperaSM 
65 S ^^^e sMtcbcs allotted tc^^ 
65 stores. Iltey niay in jEact be eym^OTt^ 
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^cc no matrhing to tbe tinxB of a half- 
^cle osalktioii is xe^niral in this ca^ 
Areordingfy, the operating time of Hie 
switch abtb can be zedooed. 

Mafctog reference to the diagrams tcCo. 
«C6, xCl and iCi tbe behavioor^ the ^ 
ages across the ctoacitors serving as Hne 
stores and the betavioicc of the tsarrants 
assoaa'ted with the capacitars serving as 
intetmediate storey is innstrated tw^ 
^dtOK are Co, Cb, CI md C2 in 
oroer. The diagram i*c& illtistiates tiie 
to^woor <rf ^vrftage across the capa^ 
<aiar Cb. It will be seen that here too 
'J^^^^^l"^^ disappears when 
the switich IkZ IS operated. SimtltHne^ 
oufily. as^ diagram iC2 ahow^ the capa^ 
Qtor Q is jhaiged up by a current; Doimg 
^ tame of operarim of the switch Ikl 
the capacitnr Ca is discharged in accord- 
aiice with diagram uCsl, the capacitor CI 
MiuItaneDna*y being charged np as the 
daagrani tCl shows, During the snbseqnanc 
pcnod of opBTBtian of the switch fhA 
capBdtoe a Is digdhar^ as diagram iC2 
shoTO- At the same time the ^Scitor Ca 
IS charged up. see diagram uCa. l>iniQg 
^ s^ond period of qpatalion of the 5wiS 
Ud, flie cs^iacitor CI is discharged in ao* 
cordance with diagram iCl. At the same 
time the capacitor Cb Is chatged mj. see 
oiafiram uCb, Tha voltages axross the capaci- 
tors Ca and C& at the commenceuient of 
^e ene:^ transfiEr process, wre difBercct 
the capacitor Ca having* the lower voltage 100 
and the capacitor Cb the higher one, 
completion of ihe energy transftsr processes 
J^^con^deted. the capacitor has the 
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Mgter voltage across it and the capacitor 
Cb the lower OTe, Thus, here too the volt- 105 
a^s and dharges assodated with the capar- 
mors servfaig as Hue stores have been S- 
changed in the course of ei^rgy transfer. 

In the forgoing manner, eaeigy transjfer 
process]^ for a conrtecdon made jjom the 110 
orcuft illustrated in I^ure 1 can be cMied 
out In dns drcait^ Jio rectifiers are in- 
duced m the transmission paths Eaergv 
transfer processes of this cm atlso be 
carried put where rectifiers ere involved US 
e,g. m the circoit of Pigure 5. Efcre too 
oiiiy one mult^ito: rail Is in use- tte the 
salcfi of darity^ a special flgum has been 
prd«vujed m which, in the torn of an ear- 
tact from the rfrctut of Figure 5, only 120 

devices are iUiistfated which areto 
Sl,'^*! m tie case under consideration, 
Ihis as Pigipe 12. 
The drcoit elements common to Plguraa 
^ sfanilariy refcaienccd are Ttf. 

y^fjiP^J^^JSrV^' ftC and C^: 
v^ertam otnar caxuoot elements are common 
to iqguras 5 aad 12 but are dlflferenfly 
jraermo^ Ihus^ the demtnfe lecferenced 
lb, abta, a>tb^ iOab, t(A^ IGl, 1*1, Cl, 180 
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A:!, Ur2^ IG2y C2 and k2 in Flgnxe 5 respeo 
tJveJy con^pond to ibe elements tefer- 
J^J^' ra; ifr, trt; Gl, Ifcl, Stf, 
ka, 2k2, G2f Sb and kb in Pigoro 12, these 
diemeiits being «dmiTarTy connected In hoQx 
figures. The switidhes 11^2 ^ 2^1 Aie 
common tQ I^igures 5 find 12 but axe dxfer- 
catly co n ne cte d in these Figures. 

Figtire 12 shofwa only those dicait ele- 
ment whicli are ecCua^y used in eme^ency 
pperatiQai Xhns tiie multiplex ml Maiz is 
omitted since it is not used in emecgen^ 
Dotation* 

In die circuit iQustrsted in Hgute 12, 
each intertaediate store is connectEble to 
the muldjplez rail via two switches whiidi 
are in se ne s yrish dzfiCerendy polarised recti- 
fists so tiiat ttfitli Che aid of these switches 
the correct lectxfier for the desh^ energy 
transfer can be placed in ibe ttanfimfssiozi 
path. The two xectifiets used axe desig- 
nated Gl and G2. Xbe mtsnnediate store 
Sa lias tte switches lAd and 2fcl and die 
int5nnedlat& stars two switches lJt2 
and 2k2. Ji for connecting the intermediate 
stores to the mnitjlj^ railSr swatciies are 
used which m themselves permit energy 
transfer in the desired ditectfon onhr and 
iherefoi^ at the sdnxe time eznbo^ the 
rectifier function, separate rectifiers are not 
required. 

Low-paes ^ecs are connected before die 
capacitors Ca and Cb serving as line stores^ 
these filteis embo^Ting the chokes Dtz and 
I>b and the capacitors caC and bC, Ta the 
line section Ta hnving the line store Oft 
belongs the transformer Wo. To the secon< 
daiy winding n of this transfbrroer the 
positive bias voltage +TJ is sppHed* Hie 
a.c TOlt^gBS and curt^nta ta be transmitted 
are suppSed to primary winding 1 
Simi]arlj, tr^nsfbnner Wb belongs to 
tiie line section having the Cne stxsre 
C^, Id the secoiidary winding II ai th^^ 
transformer likewise the positive volt- 
age +tr being applied- The a,c, voltages 
and cuirens to be transmitted are fed to 
its piinury winding L Duo fo the d9Qect of 
the bias voltf^e applied to the fieoondary 
windings II, only positive voltages de* 
v^pp across the capadtors Ca and Cb serv- 
ing as line stores* 

MaJdng reference to ^e diagrams T and 
K of Kgure 13, it will be seen how the 
switches Ikl, 2kl, lk2 and 2£2 belonging 
to the intermediate stores and the switches 
ta and tb belonging to the line sections tx> 
be intexconnected* should be operated when 
two intermediate stares are invdlvi^ in all 
the coortectknis. During the time of qpem- 
tion of the switch tOw ^st of all the capa- 
dtor Stf Ifl charged tip by the switch 1*1; 
the cEuuKing corrent passes ^trough the 
rectifier Gl in (he loxwdrd direction* Dur- 
ing the time of apenition of the switch tb. 



the capacitor Sb is charged up via. th? 
switch 1^ the current passing through 
the lectifier Gl in the forward dxrcction. 
IxmnediEtelyy the capacitor Sa is discharged 
thioi^h the switch 2kl and tile icetiler 70 
G2^, the cunrat flowing through the latter 
in the forward direction. HnaUy, yda the 
same rectifier G2, fcutrcnt flow in the for- 
ward directiorO azui the switch 2fc2p the 
cajadtor Sb Is discharged during fte 75 
second period of operation of the switch 
ftt. For short circuiEing of the capadtors 
Sa and Sb using the switches ka and kb, 
the same time intervals as referred to earlier 
are available. The sivitches Ukl, 23fcl, lJfc2 80 
and 2k2 are operated In an appropriately 
modified fashion when uvo intermediate 
stores are provided for each canuection. 

Due to the use of rectifiers in the trans- 
mission pflths; in the manner proposed in S5 
the foregoing^ Jt can also be atcanged that 
enfirgy transfer to the line-stores^ comi- 
mencan^ with the swltcbiiig through of -Qie 
zransmisslaQ i^th concerned* is ahWdy 
completed bemre the transmission path is BO 
bfol^ by the opening of one of 
switches throi^h which the energy passes. 
When using capacitors as line stores and 
as intermediata stores, and when inductive 
coHs nre included in the transmis^on path^ 9£i 
Use ytrficular transniissgon path developed 
should oonftfftn:^ an oscfllatoiy cnrcnit so 
tuned that the period of a half-wave at its 
resonant fieqnency is shortBr fhfl« die 
shortest time interval for whirfi the trans- 100 
misdon path itself Is switched through. 
Where the tuning of the particular osdfia* 
tory drcolt is coccemed, a wide tolerance 
& pennl5sdble« Conveniently, the period 
for which the transmissioa path is switi^ed 105 
fbiOMgh will in each cas& be detemdned by 
the time of operation of tiiat switch (allotted 
to an intermediate store) nia which 'dw 
transmission path czctends. 

An example of the behaviour of the volt- HO 
a$9s and currents ftppearing hi this st 
the intermecfiata stores Sa and Sb, and of 
the befaa^our of the voltages appearing 
across Qie line stores constituted by the 
capacitors Ca and C&, is contained m the 115 
^grams uGcr « ^ . uSb of Hgure 13. A 
number of appropriately designated dia- 
grams cortespocding to these are illustrated 
m ^gure 11^ A comparisoa meals the 
distinolon diat in the case under con- 120 
^deration the voltage and cuxiait changes 
axe in each case completed within half the 
thne of operatkm of tne appropriate switch 
flA;l, IK, 2jtl and 2k3!) aliottnd to an 
hitBrme^ate store These voltage and cur^ ^ 
rent changes In each case represent die dis- 
charge of one of the capacitors involved 
and the charing vp of die other. Any 
tendency j6ot i^crse disdhatge is sxqipzesscd 
hy the teettfiers inserted In the tranamis- ISO 
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sionpatlii Wide toleranocfl aie peuaissJUe 
on the operating times of ths oetttraliy 
located csontaos. cajaMges ia die tuningiS 
tie osciJIatoiy druolts due to capacitance 
B chafes taldng place wiflii«ixraifi^^ 
ficaGon, suck aaipliflcation being effected 
for distance with ilie dd of a capacitor 
acting as iatermediate stox^ have no^ii^ 
1 A T*!^*^-.™^ necessaty operating times 
10 of the gwiteJies conoenied. The fcLtamedS- 
ate stores such as the capadttii^ acting 
as paiMiettic ampUfiera, arc moreover coi^ 
venlentljr sappUed y^i vohages of cue 
polaaty^ only. ^ 
15 It is pointed out that. the capadtors em- 
ployed as intermediate stores in. fhe mrcoit 
pt/wa-e 12 can Utowiee be replaced ty 
ratornediate stores of some oBier type. 

^ area beloir tie points A and B can be re- 
l>y circait illastrated in Figure 
14. The contact operadooa portrayed In. file 
diagrams T and K of Hgnxe 11 remain caa- 
fl^^^ J?, this case, Howeror, file contacta 
25 kasndkbBte. omitted 

Donng the aforedescribed energy tcans^ 
fer procoEBcs, due to the use of two tater- 
mediatt 5tore$ which aie conxmoti to all 
oDmiectlotis, ihe addresses of the line aec- 
tiong in eadi ease linked togeflier must be 
recorded in the rotaiy memory in direct 
fluc^Kion, TMsHrndtii^ condition can be 
avoided if the energy transfer proo^ses 
mvolTCd in each connecting exteadhiff via 

^ the inaltfplex rail ta]ce place cZff twomter^ 
memaxc stores speciaHyurovlded for this 
particular comieciloD. The presence of all 
gese intermediate stores is indicated in 
X'WTO 12 by the mxdtiple connection sign 

w vs. Jn such an arrangemeni; the first and 
second of the Hne stores concemed are 
connected to tibie multiplKK rafl dtemaiely. 
ganng the time of connection of the 
Jine store, the first two intetmediate stores 

^ ate connected to the multiplear xail ate* 
naiEly^first of an energy transfer takinj£ 
place from the first Hne store to theto 
totermediote store and suhsequcartiy the 
first line being fed with energy pre- 

« viousfy Stored in tife second intttSefi 
Store. Dnitng the time of connectian of 
■ the second and first 

iJitome^a^ stores are altermtely con^ 
neeted to the mtdtiplex ralL In i^ 

55 there as fixst of aU energy transfer frotn^ 
aecTOd line store to the second mtecmedi- 
ate store and snbscqnently ftmn the fli^ 
mtecmediate store to the second Hne store. 

en ^Jf^ pr^usly transfared to the 

eo serond mtermediat? stoi^ remafaifi there 
^ occasion upon whidh the first 
^ store la connected to the muIt^plex 

of the tvro hoe Stares invohred hi the con- 
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necfiOT, tiiere may be pacses. This means 

th^ the addresses of the line scctiona in 

mcb case involi^d in a connectton need not 

be lecpxded in the rotary memory in direct 

succesaon- Conveniently, but not neces- 70 

fflnly. I^ere will be mi Lterval be^^ 

th^ addresses corresponding to halfa 

rotaty cyde. For any connection, it is 

racte^jr necesrary to have the Vmy addresses 

Of the hne section^ concerned in the rotary 75 

^jem^ ac my positiona. During the pansaa 

wxurnng betwem the periodTof canned 

ttcm of the two hue stores 5nvdivGd in one 

^ SS^? cwmection, other line stores 
a^^otiieri^^ W 

nected to the multtplex i«a ia the course 
o£ other connections. If the iatermediato 
stores ate hi tfae^fotm of capadttots, then 
h(TO too it may benecessaiy to short-of- 
2itw ^ J5P^ matants- Conveni^ 86 
ent^y; this wifl be effected duriuR the 
pauws betwera the tilmes of conneSon of 
the uee stores beloogtng to the particalar 
j^nnecnon. ficyjrororr it must be ensored 
mat no dmige dettrcred to a Bne store in 90 
me course of a connection is last in this 
way. Confieonentty% short-c±OTiting should 
be ^ected in each case directly after the 
disdiar^ of intermediaie store into a Ime 
stor^ Appropriate times a»e indicated in 96 
tJie diagram K of FSgnre 13, the times of 
?Pif^ contacts and ka b^'ng 

mdicated. Where the intermediBte stor^ 
are m the form of cores, the reset pulses to 
tocse cores should be supplied at ^^i^^T 100 
instants. 

Apart fcom the pauses mentioned, the 
seq^oe of energy transfer processes In* 
voXved m a connection corresponds to the 
Mx^ce of amilar processes illustrated 10£f 



'Igure ii. A common feature of aE 
^ese eneisr transfer process^ is that the 
two OTtrally iQcatfcd intermediate stores 
myrolved m ms energy ttansmifision path 
are aitetnatey connected to the mnliMei 110 
ran dnring ttie pedod of connec&jiiS 
each ewe of one of the two Ihie sttn^ con- 
oemed to tiiis same mu3ti|iIeK xaiL and that 
the wtches are operated in a aequance 
^^^t^'^S^f sunuhancous operation 115 

one «tf the switches allotted to the inters 
mediate stores, eneiigy transfer only takes 
^ce throogh a previously diSiarEed 
Store, ^ 
At this point an explanation wffl be ^ven 
of hO¥r swtching can be carrted out sothat 
energy ttanafer prooessea normally con- 
nmUipleac rdls are 
m^ed and tiie associated tranamlsaian 12^ 
pMis me conducted through one muIfJolex 
S?-2°^li SwioAini in th&manner ahScld 
be carried cut for insmace when a muW- 
Pf^ ™ ™* became fanl^ duo to ahott-^ 
circuiting ehaier to earth or via some other 13a 
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paft. After flwitnTifng, bkcIu^t^ the aHhsr 
mmtipi^ rail t^omaius In pperaxxoD. In 
the c&cuitOZiistFated in Figure 1, multi- 
plex rails Mob and Man axe TitiV^^ to tixe 
monitoring unit tJl whidt, in tfie event of 
a feult in one of the tftro multiplex raii^ 
produces a aignol to eSect SWitdung. Hie 
xnonitoiiog unit can be con^trnctea n' g^g 
switctcs fiflvtog a threshold action for in- 
stance, ibese responding wien tho applied 
volt^ee coyitiTmnnB^y exceed & apecific 
leyeL The signal produced by tik© jnoni- 
torii^ imit ispassed to the control unit Q 
Bssociaied ^t£ die exchange ^Ftem, vrltiGTi 
brings about Hie change in opsrat^on. 
Also provided Is the monitodng unit Xf2 
which i% linked to lines i*»gViyt%g tern the 
control unit Q to ih^ xotsiy memod^ Uab 
and Uon. yfg these Unas, dSgits ivludt aro 
to bd stored in the memories in the conrse 
of esdiange process and iriiich fozm part 
of the sdSc^sEcs of Hne section^ are trans- 
mitted, as also Hte commands for erasing; 
anch di^ts and oddresfss* It tbe tra^p 
tJirough fhe$e lines increases to an abnor- 
mal level or disappeaz^ a l tp fle tberp then -dils 
is an Indication ttat a £aiut bfls occurred 
either in a lOtaiy memoiy or in a maltiple:? 
ralL lite znonitoring onit U2 contains 
coonteis v^c^ detect hx^ sucIl btdkf-i^ in 
the &equenqr of iLsae nrocssses or deti^t 
abssi^ce lOiereoL m this events the 
monitoring unit U2 transmits a signal to 
the control unit Q in xesponse to which 
tibid unit at least temporaii^ modifies tiie 
exiergy transfer processes so that the trans- 
znissfcm paths aro coudacted thrut^ one 
multipkix lail onTy, ihna tiaiz^ oi3y om 
totaxy memory- If the ebnonnality in dlg^ 
storage^ or to^dng, thean disappears. 
fault wiH have been overcome. If the 
ahnonnality does not di^ppeer, however, 
then a switch for opeansting exdusivBly^rith 
the other multiples rail and the other 
rotary memoiy can ba marL^^ when the 
faults ^idd disaiipear. 

A raonftoring unit IJ2 can also be em- 
ployed to siq>ervise suitable other processes. 
Generally ftpcatiiig, these prooesses are of 
the type wiiich take place rdativi^ seldom 
in Comparison to processes aocn as tiie 
operation of switches, heiu^ atCy a random 
occnzreoce (see German Patent 1430,865 
and German explanatory doonmeait 
IMU079\ 

Some indication musr now be given of 
hj0V7 traffic: in the exc^iange J^stem Is in- 
fluenced by the use of one mult^ilex rail 
instead of two for the energy transfer 
processes. For this, we yvUl consider the 
diagrams T in Figures 6 to 8 and IL 
Figaro ( to 8 relate In encr^ transfer 
processes conducted throoglL two multiplex 
rails, whilst Hgore 11 relates to tiie ana- 
dacdon of ^leese xvxTcesse? thmngh 



one 



mn»ffp?flx lafl only. As a comnarifflsn bo- 
tTvem the diagrams r in Figures 6 to 8 
and the duigcam T in Fteure 11 shows;, all 
other thjngs bemg e^u^I, a considerably 
longer total time 15 required fiar operating 
the switches aUoned to Hie Ime se<5ionsia 
order to brrag about exdxange of diarge 
between the capacitors serving as line 
stor^, if ontjr one multiplex i2 is used; 
this is because the switches aHottad to the 
litie sections have to bo operated in suc- 
cession. Thas, for one and the same 
connection the ^g]e rotary memory mnsl 
noyi^ record more tfcan one address for these 
Ewttch^ NormaHy, with two multi- 
ples rails in nse^ one address niU Suffice, 
namely that of the line section Jxandlji^g 
ont^Us^ traffic or that of the line aecdon 
hflniTHng the incomizig traffia Sfrtrg in tihis 
case any one oonnection requires more stor- 
age spaca than usual, the total number of 
connections which can exist at one and the 
sainc flrae is inevitab^ smaller. Thus, 
switching to the worJdng of one multiple 
rail onJJy results in restriction of trafi^ 

Tn given circamstancea, this may mean 
that a number of existing cocubectzons have 
to be bitjfcen. Naturst^, it is advantage- 
ous if on& can avoid breaking jiartlcttlaxly 
important connections or connemons which 
for evrfhaogg reasons should have apodal 
priority. To achieve this ead, provisfon is 
made for priority CQunectiDns, The ad- 
dresses or the line sections associated 
wil3i priori^ connections are for thfa par- 100 
pos* stored at storage portions In &e 
roiarjr msmori^ the ne^Eibocring storage 
poFiUons nroimd whicb are Itept free; the 
a d dre s s es of the line sections connected to 
the priority lice section ar<a transferred to lOS 
thes& frae jiosidons in tiie eve&t fbat one 
rail qperation is xiecessary^ If switching to 
^i^e raO qp^^on taldes place, due 
to a fault In one multiplex raO* the ad- 
dresses of priori^ coni^ctions are trans* 110 
ferred from the tothsr rotary memory to 
th e si^ e rotoy memory now- xemahdng In 
operation. The priori'^ connectJons ar« thus 
maintained de^te switbhlng to single rail 
operafiOG, iHs is indicated in JF^gnre L 115 
There* the rotary memories are shown as 
having wires in which addresses drtuilacc 
at sttiagje positions designated hy j 
and ;T. Addresses <rf prloit^ r^nTigyt irmg 
mBy drculata in both rotaxy memories at 120 
the stiorage positions /, where energy 
transfer is conducted throngh two mu®- 
pJez rails, these addresses are contained in 
both rotary memories. In the event of 
switdioTcr due to a &ult in tize taultiplBK: J25 
rail Man for Instance^ die address stored 
at the storage position / in the' rotary nxem*' 
ory Van must he transferred to the {re^ 
storage position fl in the rotary memory 
U<z&, It can also be transfsrred 10 the stor^ ISO 



70 



SO 



B5 



00 



05 



14/05 03 15:13 FAX +49 89 92805 444 Kanzlel Bardehle 



12)078 



1,052»828 



age posibon £1 wliere nficessaty. It Is pointed 
ont that whem tiba operating tinia of the 
switches fcl and k2 is «diice*Csea diagrams 
ra. and K2 in Kgare 11. ti© traaSored 
i> MOresaea ia each ease occopy less space 
than the ones already there. It tnsybe 
convenieot to keep storage podtions free 
6h: soch time as an apptigpriately low 
lA voliraie msikeG it imneoe^ary ^o age 

The artifioe of giving priority to certain 
TOmiectians is not an otviouB sCop. It can 
be emplpyEd with icppimxciate switdunz 
processes in most time-drviaian mcli&lex 

A* exchange syaems having two mnltiple* 
rails* It is psrticulBify convenient to tteai 
trunk oonnectians as priority conziections. 
Agai n, it is xecommended tiiat priori^ be 
gtven to otiier connections tTfi^nrriTtg to 

20 outside exchanges Connecdons ±roni or to 
specific snbsciibcrs can also be ^v<en audi 
prioriljr; this Is especially recommended 
wh&rc PBX exchanges axe concenied. In 
^BX exchanges^ very often connections to 

^ ajid from particular subscribexs are pair- 
ticnlftrly important and should be given 
pHority- 

Att^tion ia drawn to co-pending pat-ent 
appUcadons No, 17761/« fSttwlKo, 
^ X.052,826) and 17762764 (Serial Ko. 
1,052,827) in Which we described and 
daimed anangemeats edmilar to diose des- 
cribed above. 

WHAT WE CLA3M IS:— 
w 1- A dccnit arraiujement for the trans* 
fer of energy from a £rst store to a second 
ctore, cndmdlng first and second store 
switchntg means capable of cgonectzng Ibe 
flrsr store to a first mnltMe^ tail and ilie 
w second store to a secfldSd mnltiplfix rail 
and including two intermediata stoies and 
intermediate store switdilng means cap^ 
able of connecting either w£ intennediate 
st^ire to ths first mtdtzple^ ran and the 
*K other intermediafio store to lie ^cond 
multiplex ran or said intermediate 
store to the second mnlt^ez rail and said 
other intermediate store to the first molti- 
plex rallf the arrangement be^g soch t h^t 
mD m operation the fiiEt store is connected to 
said one intarmediate store through tiie 
first multiple rafl, and the second s&sre is 
connected to said otiier Intermediate store 
through ibd second multiplex rail a^fl any 
^ enetgy stored in the first end -second stores 
is transfoned to the Inteime^ate stoiesy 
whereafter said one intaonedlate stnre is 
connet^d to tiie ^cond store throngh tbe 
second multiplex rail and said o^r inter- 
w mediate store is connected to the first store 
through tlie first multiplex ran to compleis 
tbe energy interchange batmen the first 
and second eteres. 
2. A Circuit aitangement as claimed in 



15 



Oaim 1, whatrai during opcratioai the first fiS 
stMe namams connected to the first multi- 
piei rail and the second atore remains 
o anneOT d to the second mnUiplex ran 
QMiigOTt the jaieigy interchange between 
^rst and second store. 7q 

3. A cxroxit toangement as claimed in 
ClaEm 1 or Oaim 2, wherdn both the first 
and fficond jores are coaaecfable to both 
mamplez tails. 

4, A csroiit arrangement as dabned in 75 
any of the proeding Claims, wherdu tS 
aOTigemeut is a time^vl&ion multiplex 
telephone ewShange system in whldi lEe 
energy interchange is e&ctsd at cyclically 
rg)ftatedmienraIsandwhea?cinthefirst^S »0 
second atnreg terminate communk^tian 
nnes in the eschang^ 

5- A cirenit arrangement as daimed in 
Gami 4, wherein the first slora terminates 
the line of a calling station and the «^n^ 
store tRrmtuates the Une of a called atation* 

6. A circuit arrangement as in 
Claim 3, wheiefn low-pasa filters vdth a 
cutKiG tctqnency of less than the fre- 
quenor of the cycEcaiHy repeated intervals 90 
are connected betmcn tbe first and second 
Stores and the respective commtmication 
lines; 

/• A circuit arrangement as claimed in 
axay of the precedlj^g Clainw, wherein Uie 85 
jntermediate stor^ of enccgy is eOBected 
an ccmlunaion "with anipliflcation of tha 
energy. 

8« A circuit airangprnfint as claimed in 
any of the preceding wheredn the 100 

first and ssoond stores are capacitors. 

9. A circuit arrangement as rTflrTp.^^ jj^ 
ai3j of the preoecfing Oaima, vrlierein the 
intsroediate stor^ are slmnt inductors* 

10* A circuit arrangement as claimed in 106 
Qahn 9 as a^ppended to Oaim 8, as ap- 
pended to Claim 6, wherein energy transfers 
to ^e mirea ccMi^med in cacb case takes 
place in di£ foiiii of a qnarC^ ^yde oedl- 
lation In the tzansmis^on paOi between tiie 110 
gtorc s; and Trhciein energy transfer from a 
first or second store capaciior to an inter- 
mediate store inductor is followed ifirccUy 

energy transfer tmm this inductor to 
e other capadtor store. 115 

11* A drcnit arrangement as daimed in 
Qaim 9 or C laim 10, wherein in pataBel with 
each Intennediflte store inductor^ an axnili- 
ary. capacitor is connected wiiich prevents 
ray interruption in current flowing duiragh ISO 
the inductor on changeover from enersy 
transfer to the inductor to energy traosfe 
from tbe inductor. 

12- A circuit airangement as daimed in 
Claim 8, wherein series tndoctocs ars pro- iSJtS 
vided in the transmis^on paths between 
stor^ whicih dne to th^ inductance cause 
oifiTgy transfer between the stores can- 
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cemed to take pl&ce £a tarm of a half- 
cycle of an <w gmqT iCffi_ 

13. A rffnixt arrangement as claimed xa 
Qeim 12; wbacdji sezxes iodncto^ are 
sptcdvefy conmoiL to a £r3t ^"4 se£x>nd, 
storo. 

14. A cizcuit arrangement aa claimed in 
Qaxm 12» wSieteia series indnctois are ze- 
spectxTc!^ gmif^»fTAd in series bccwoen a 
multiples rail and aa intermediate store, 

1?* A circuit anangement as cEaimed 
in Claim 13, -vdiorein at le&st a part of 
each series Inducfior is sitnated in ^r>li 
multiplex raiL 

16- A ciixnit fliTang.enieiit as rJalmfffi fn 
any of Qnfms 12 to 15, -wxierein a scries 
inductor ifi oonnected between eadi first 
and second store and die ^propiiate 
mnlt^pIcK raiL 

17. A oircait arrangeznent as claims in 
Bny of Qaims 9 to l^, wlietein at least one 
of tiie zndnctDzs is an indnctlva paraxnctEic 

r& A drcoft arrangement as darned iu 
any of Claims 1 to 8 or 12 to ivheiein 
the intermediate stores aie c^acitive 
stoics. 

I9r A cir cuit arrangement as ^^?r n" d 
in CMm IS, wherdn capacitive inter^ 
mediate stored aie parametric amplifiers. 

20. A circuit artmLgemfiiit as damied In 
Clamt 18 or daini 1$, vdierein short cir- 
Caiting switcJung means are provided for 
short cIrcuitiDg tte capacitive stores tot a 
period v^en fiiey am not in nse. 

2h A circuit atxangement as rlaiTnftfji 
in any of Qaixos 1 m 8 or 12 to 1^ where- 
in tSie iotermediate stores are fecromag- 
netic cores of a matsczal ezhibiclng zema- 
ncQce and have substantmlly- linEar mag- 
netic properties witiun ^le range nsed for 
enargy transfer. 

22^ A dtcnit amngcment as gJaini^ 
in Claim 21, wherein euexsf transfer from 
a core sei^^bag an iatemieaiate store to a 
line store is e&cttd with flte aid of a icad 
pulse Wbldb. resets the particnlar core to a 
magnetic stare corresncmding to no energy- 
stored. ^ 

23. A dzcait arrangement as claimed 
in Claim 21 or Claim 22; wherein reset 
pulses arc applied to the ceres serTxng as 
ifitermediaiB &at^ fast hcfoie cneicy is 
stored in them, which, reset pulses reset 
the c ores predsaly to the aiagnetic state 
corresponcEng to no energy stared. 

24. A ciicizit aiTangeziieat as daimed 
in any of Oaims 1 to 8 or 12 to 1^ where- 
in fliB inte^inediatd stores axe simeicon- 
dnctive coils in winch a cnrrent ifimdnced 
through coupKng coils during the In-stor^ 
age of coeisy. 

* ^ ccrcoDct arre^^ement as claimed 
m Claim 24> wherein energy transfer fitJm 
a supeicondcctlve coll acting as inter- 



mediate store to a first or second store is 
effected means of a read pulse fed 
through a xiead winding ^ncirrlfnc the 
st^terconductxttg coil, which read pnlse 
pzodnoes a magnetic i^eld wliich inmbfts 70 
snperoondncthrity in the supercondtictive 
ooiL 

A drcait arrangemetkt as dahned 
in any of tiie preceding Oaims, wherein the 
intermediate store switching means is con- 75 
sCituted by four indiyidna] switches each 
capable of connectii^ one store to a mnlti-' 
plex rail and wherein the time of closure 
of each o£ &ese switches is not gieatnr than 
half the time of connection of & fir&t or 8D 
second store to a mvltiplcz raiL 

27. A dn^t arrang^nient as dahned 
in any of the preceding rialmg^ wharem 
several lines to be interconnected are sob- 
divided into gtDi^s; each of whidi ^onps SS 
is consectable to a jiair of midtiple^c raus 
allotced to that group, the appiopriate 
mnlt^ex rails for ea^ connecaon oeins 
coan^jted together via switd^es of coup- 
ling networks for energy transfer between 00 
line sections of tS^Serent gronps. 

28. A druuit arrangement as d^med 
in Claim 27^ wherein in each case two 
oeatraHy located intermediate stores 
allotted to ihc appropriate pairs of multJ* 05 
ptlex rails^ are in eadi case emplc^d for 
the energy transfer prooesses* 

29. A circidt Brrarig-,ment as daimed in 
any of the preceding Claims, wherein the 
first and second store switch means and 100 
the intermediate switch means are also 
operable in socIl a way that energy inter- 
change can bs effected by connccong both 
first and second stores exdns^vdy to either 
the first or second mnlti^es laiL lOS 

30. A circuit arrangement as daimed in 
Claim 29, 'n^xerem control poises for aie 
Switches allotted to the lines ^n be pro* 
duoed from a rotaiy memozy provided for 
H^^plyfaig the addresses of lines h^r^ng 110 
outgoing traffic, and from a farther rotary 
memory provided for the prodnction of the 
addresses of Hoes in eadi case bflTirTT^Tig iq. 
coming tr^ffipr wherein dtuing operation 
^ control pulses for conSuUmg the 115 
switches allotted to the lines ere nroduced 
by fiiat rotary memory in wid& theie 
normaQy drciilates only the addiesfies of 
lines handling traffic in a directian (onz- 
goinp or incoming) corresponding to the 120 
particular direction for which the miUrl-* 
pSer xail fouteoing multiplex rail or in- 
comiag multiples tall respectivdy] now 
dusiveJy used is intend&l 

31. A drcuic anangement bs daimed in 125 
Claim 29 or Claim 30, wherein the two 
intermediate stores induded in the trans- 
missi on ]mth, are atexnately connectaUe 
to the operative multiplex rail via c»>tttral 
switchies during the time for whidi the 130 
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fitst or Bcoozid stxTO 10 likewise comiected, 
and ^cr^ swittshoj ate operated in a 
seqnfinoe such tliflt dumg did stoallatijeona 
opetBtion of a awltch allotced to a first or 
s^ond Etnre and cmc of the swifches 
anotted to the intamediate stntcs, in each 
case cnetgy transfer eacchaaiv^ to a pre- 
TWttsly dlEchafged store UkBs place. 
TA 5 ^ A circuit oErangement aa claimed 
iu in Oalm 31, wherein dmng operatic 

2 an only the first fitoiB is connected to 
the nniltiplcK lafl, to be foDofvcd by tiie 
coimfictiou only of the second storcL then, 
again, only the flm store heing camcStS^ 
i« wh^m dormg the period of oonne^rtSon of 
the first fitoc, energy transfer ta3cea place 
to said one Immediai^ store which is also 
temporarily connected to the multiplex rafl 

Oft ^1*^ same tJzne,wherdndtttJng the period 

20 of DMmection of tie sccondSjre raergy 
taofifep tabes place fcaan it to other 
interm edin fe store when the latter is tern- 
Wttarily connected to the nraltlpkat rafl^ in 
altecnaidon vrfth this said one intennedinte 

^ store also being temporarify connected and 
energy tranaeer taldng place teom it to the 
BBOond store, and -vmeiein during the snb- 
sequent repeated comiection ot the first 

«/. coinddental^y with the temporary 

SO connection jof a^ other intetn^diate 
fitcttc, energy flows fcoin it to the first stoic 
so that at this st^e the first and second 
stores have exchanged their energy content 
with on© another and the two intermediata 

ao stores employed are now fcce to energy 
exchange between two other SCorea, 

33. A circuit arrangement as claimed in 
aajm 31, wherein the ene^ trana&r pro- 
connection extending via 

40 ^ operative mnltSpIex rail are carried out 
through two Bdditteial intermediate storea 
provided for this conaection, Miietem tiio 
first and second stores are alteraately coa-^ 
n«:ied ^ the operative multblac taiL 

45 whfflsin during the period of comecfiondf 
the first store to the raiL the first ad^tlonal 
mtarmediate store and the second addi- 
twnal intermediate store are altemafaly 
oonnected to the ppeza:t±ve ttnihlplex ralL 
fethr energy transfer taJdng pllce from 
the first store to the first addifional inter* 
mediate store md sui»equcndy cncrRy 
previQuMy stored in flie sjecond additioxS 
mttrmediate store hehig transferred to the 

55 firet store, whcrrfn dmihg the period of 
connection of the second store tfc second 
and first additional intermediare strxres are 
^ ^ operative 

rf gg^d store to the second additional 

TO^r £roni dte first additional intS 
mediate store to the second store talans 

es additional hiCermediate store remainhig 
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untfl the next occaaoa on which the 
counected to the operative 

cttcuit ananeemeat as dahned m 
^^Jhl^""^ ? interval hctweea 
the cainectiOTi of the second store to the 
mult^ rail and the connectton of Sa 
first Btora to tiic multiplex rafl, additional 
flist and acond stor^ and other inter- 
nied^ Stores can be comectad to the 
muK^ rail to efeet otixer connections, 
-»5. A orcmt arrangement as claimed 
In my of Orfms 29 to H T**erem each 
multrolex jpfl 16 linked to a nioniioi^ 
which, in the event of a fault in a muhiplex 
rail, prodoces a witcaiing signal wWch 
mnsfers the qperation of the arrangement 
from two»multtpIewaa operatioa to one- 
mmtiplex-rail opeiatlQtL 
- ^ circuit arrangement as claimed 
m Qflitti 30 or any one of Claims 31 to 34 
as dependent upotn Clahn 30, wherein each 
roQiy memory Is oomiected to a monitor^ 
ing unit whic2i transfers the operation of 
the arrangement from two-multlplex-Eall 
operation to one-nrcltiplex-.rail operation 
when a fault develops in one of ths xoiarv 
memories. 

iT. A drorit anangement as dabned 
in Oautt 36, wherem the monitoring unit 
moaltors thie rate of appearance of ad** 
dresses in tiie rotary memories and switches 
to one-moItiplex-Tall operation if this lato 
is too alow or too fast 

_ A circuit airangemeat as claimed 100 
m C3aim 30 or any one of QAalm^ 31 to 37 
as depeodetit iipon Claim 30, wherein pri>- 
TtBian is made fer priority oonncctiDns in 
the event of ane^muItiplexHiail cperatiQii' 
whercwa the addresses of the priori^ sta. 105 
tlqns are present in the two rotary mem- 
on^ ^storage positions in the ne^hbour- 
hood ^ which other storage portions are 
Kept free, and wher^n on tranafer to one 
multiplfix rail operation these free po^ons 110 
are employsd to maiTitafn piiorify connec- 
tions 

39, A drcait aitai^gonient as cJnhned in 
Clakn 38» wherein storage positions arc 
xert ftec only for as long as ar^ appropzl- 
atoiy low trafflo volume nmkcs it Unneoe^ 
sa^ to use thftTn, 

40, A dicn it arrangeaiBait ft>r the trans- 
fsr of ^energy fe>m one store to another 
accordiag to any preceding claim and sub- 120 
stantiaEy as described with reEsrence to 
any- of the Iggores of the accomwnyhiff 
drawings. ^ 

_ For tiie Applicants, 
a K RBDFKRN & 60^ 

St Martin's House, 

177 Freston Road, 
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